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PROLONGED RELEASE OPHTHALMIC COMPOSITIONS CONTAINING A 
FLUOROQUINOLONE 

The present invention relates to a pharmaceutical prolonged release ophthalmic 
5 composition for human and veterinary use comprising as a therapeutically and/or 

prophylactically active substance a fluoroquinolone, a fluoroquinolone derivative 
or a pharmaceutical^ acceptable salt thereof dispersed in a gel-forming aqueous 
vehicle. 

10 BACKGROUND OF THE INVENTION 

One of the major problems associated with topical ophthalmic therapy is to 
maintain an adequate concentration, i.e. a therapeutically and/or prophylactically 
effective concentration of an ophthalmic drug substance at the desired site of 

15 action and within a desired period of time. Furthermore, only a small volume of 

a composition containing the drug substance can be contained in the fornix 
inferior of an eye, i.e. at the application site, and the composition applied tends 
to be diluted by the tears or lacrymal fluid and to be drained through the 
nasolacrymal duct. In order to maintain a sufficient concentration of the drug 

20 substance in the eye, traditional ophthalmic compositions are to be applied very 

frequently such as 5-6 times daily which is very inconvenient for a patient and 
which leads to problems related to patient compliance. 

In recent years, research has been ongoing in the field of developing ophthalmic 
25 compositions having a prolonged action, i.e. compositions which may be applied 

less frequently than the traditional compositions. 

It is well known that the duration of action of cationic ophthalmic drug 
substances may be increased by incorporating such drug substances into gels 
30 based on polyanionic polymers, cf. DE-OS 2902863, R.D. Schoenwald et al.: 

Influence of high-viscosity vehicles on miotic effect of pilocarpine, J. Pharm. 
Sci., Vol. 14, No. 2 1979, 39-43, and Engelbert Graf et al: Interaction of 
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Carbopol® 934, with diphenhydramine and dexchiorpheniramine, Acta 
Pharmaceutica Technologica, 29 (3), 1983, 209-215. 

In these compositions the cationic drug substance has formed a salt with the 
5 polyanionic polymeric substance and this salt has improved properties with 

respect to duration of action compared with the plain cationic drug substance. 
The gel compositions containing the polymeric salt of the cationic drug 
substance exhibit a duration of action which is about twice that of a 
conventional ophthalmic drug composition. 

10 

Similarly, GB-A-2 013 084 discloses an aqueous gel for treating eye diseases. 
The composition is a well-retained gel preparation with long-term action 
containing an ophthalmic drug substance. The ophthalmic drug is reacted with a 
polymer to provide a complex and/or a salt suitable for topical application. Thus, 
1 5 the ophthalmic drug substance is a cationic drug substance such as pilocarpine. 

The gel-forming agent is a high-molecular weight polymer having carboxylic or 
anhydride functional groups and is used in gel compositions at a level from 
about 2 to about 8% by weight. 

20 EP-B-0 21 1 020 describes ophthalmic compositions of fusidic acid. A 

carboxyvinyl polymer has been employed and the pH of the compositions is 
about 5.8, i.e. at a value where the mucoadhesive properties of the polymer are 
pronounced. 

25 DESCRIPTION OF THE INVENTION 

It has now been found that prolonged release ophthalmic compositions for 
human and veterinary use comprising as a therapeutically and/or prophylactically 
active substance a fluoroquinolone, a fluoroquinolone derivative or a 
30 pharmaceutical^ acceptable salt thereof, can be obtained. In contrast to the 

above-mentioned cationic drug substances, the active substances relevant in the 
present context are not cationic substances at a pH of about 6.5-8.5, i.e. the 
above-mentioned principle based on an interaction of a positively charged drug 
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substance and a negatively charged polymeric substance is not expected to be a 
proper approach in order to obtain a prolonged release composition containing a 
fluoroquinolone. 

Furthermore, the present inventors have observed an amorphous precipitation of 
NM394 (e-fluoro-l-methyl-^oxo-yMI-piperazinyD^H-tl^J-thiazetotS^-a]- 
quinoline-3-carboxyiic acid), a typical substance for the fluoroquinolone class of 
substances, when combined with a polyanionic polymer under conditions where 
salt or complex formation is likely to take place. Thus, the formulation of a 
prolonged release ophthalmic composition for the fluoroquinolone class of 
substances is not merely a routine matter for a person skilled in the art. 

Formulation of suitable ophthalmic compositions for human and veterinary 
compositions is a complex matter within the pharmaceutical field due to 
restricted requirements such as, e.g., 

i) the composition must not have an irritative effect on the eye, 

ii) the composition may not lead to a blurred vision after application to the eye, 

iii) the elimination by tear turnover should be avoided or reduced, if possible, 

iv) the drug substance should be bio-available (e.g. the drug substance should 
be able to diffuse through the cornea). 

Thus, in general many considerations are involved in the formulation of 
ophthalmic compositions and often the result obtained, i.e. the composition 
obtained, reflects a proper balance between the requirements mentioned above. 

Especially with respect to ophthalmic compositions it has proved suitable to 
employ a mucoadhesive substance in the compositions in order to enable a 
bioadhesion of the composition to the ocular mucosa. Suitable mucoadhesive 
substances for pharmaceutical use are known, e.g. within the Carbopol® series 
from BFGoodrich. The Carbopol® polymers are also gel-forming substances. The 
swelling and the bioadhesiveness of the polymers are dependent on pH (pKa for 
the Carbopol® polymers is about 6.0), but as the swelling increases with 
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increasing pH, the bioadhesiveness tends to decrease with increasing pH. When 
formulating ophthalmic compositions wherein polymers like a Carbopol® is 
included as a gel-forming substance as well as a mucoadhesive substance, pH 
of the composition is to be adjusted to an optimal value. The optimal value with 
5 respect to bioadhesion is at an acidic pH (pH 5.0 or less). 

Surprisingly, suitable ophthalmic compositions have now been developed 
containing as an active substance a fluoroquinolone substance and releasing the 
active substance from the composition in such a manner that a therapeutically 

10 and/or prophylactically effective concentration in the lacrymal fluid of the eye 

for at least about 6 hours such as, e.g. about 6.5 hours, 7 hours, 7.5 hours, 8 
hours, 9, 10, 1 1 or 1 2 hours is obtained. The effect is assessable in the rabbit 
eye test described in the experimental section herein. The compositions 
according to the invention have a pH at about neutral and even when the 

15 compositions contain a Carbopol® polymeric substance as a gel-forming agent 

(i.e. in such cases a pH about neutral is not envisaged to be suitable in order to 
balance swelling and mucoadhesive properties) a prolonged duration of action 
has been obtainable. 

20 In animal experiments, such compositions have proved suitable for 

administration to the eye only once or twice daily, in contrast to conventional 
compositions which are designed to be administered 5-6 times daily. 

Furthermore, the efficiency of a composition according to the invention is 
25 evidenced by the fact that the duration of action is prolonged such that about 

10 times as high amounts (of fluoroquinolone) are present in the lacrymal fluid 
after at least 6 hours compared to the marketed eye drop compositions based 
on fluoroquinolones such as norfloxacin and ofloxacin, respectively, cf. the 
examples herein. 



30 



A composition according to the invention is useful in the treatment and/or 
prophylaxis of eye diseases especially eye infections and/or inflammatory 
conditions of the eye. 
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Active substances 

As mentioned above, a composition according to the invention comprises an 
active substance. The active substance is a fluoroquinolone, a fluoroquinolone 
derivative or a pharmaceutically acceptable salt thereof. Preferably, the 
fluoroquinolone is selected from the group consisting of: ofloxacin, 
ciprofloxacin, norfloxacin, lomefloxacin, enoxacin, premafloxacin, fieroxacin, 
prulifloxacin and 6-fluoro-1 -methyl-4-oxo-7-(1 -piperazinyl)-4H-[1 ,3]-thiazeto[3,2- 
a]-quinoline-3-carboxylic acid (NM 394). 

Notably, NM394, an active principle of prulifloxacin, is of interest in the present 
context. 



O O 




Prulifloxacin 
O O 




NM-394 



WO 00/01365 PCT/DK99/00348 

6 

Fluoroquinolones are synthetic, broad-spectrum, bactericidal drugs particularly 
active in vitro against Gram-negative bacteria. Although their spectra of activity 
are broadly similar, in vitro comparisons have suggested that e.g. ciprofloxacin 
is more active than ofloxacin against Pseudomonas aeroginosa (a cause of 
5 severe corneal ulceration), whereas ofloxacin is more active than ciprofloxacin 

against Chlamydia trachomatis. Prulifloxacin (NM441) is a fluoroquinolone 
antibacterial prodrug of the active principle NM394, which shows potent and 
broad-spectrum antibacterial activity both in vitro and in vivo. NM394's activity 
against Gram-negative bacteria has been found to be comparable to that of 

10 ofloxacin and ciprofloxacin, while its activity against Gram-negative bacteria has 

been found to be equal to that of ciprofloxacin. NM394 has also been found to 
show superior activity against strains of Enterobacteriaceae and Pseudomonas 
aeruginosa. NM394 was found to be as active as ciprofloxacin against anaerobic 
bacteria inhibiting most strains, but showed weak activity against Clostridium 

1 5 spp. and some of the Bactericides fragilis group organisms. 



To the best of our knowledge NM394 has never before been formulated as a 
composition for ophthalmic use. Its prodrug, prulifloxacin, has been 
administered orally in clinical studies relating to e.g. external eye diseases but 
20 no studies have revealed whether prulifloxacin would have any beneficial effect 

on eye infections when administered directly to the eye. Prulifloxacin 
administered locally to the eye should be converted to the active principle 
NM394 by enzymes present in the eye. 



25 In order to improve the duration of action, the active substances should 

preferably be present in a composition according to the invention in the form of 
solid particles and, furthermore, the active substance should not dissolve rapidly 
in the lacrymal fluid upon application but rather be maintained at the application 
site. The presence of the active substance in the form of solid particles in the 

30 eye may reduce the elimination from the eye in that the solid particles are 

deposited in the fornix inferior and are not easily eliminated due to the effect 
arising from an increase in blinking and lacrimation (which normally leads to a 
rapid loss of dissolved substances). At the same time, the active substance 
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should preferably also be in the form of solid particles in the composition. If the 
active substance is dissolved in the composition, the active substance would - 
after application to the eye - in an uncontrollable manner precipitate in the 
lacrymal fluid (due to the low solubility in the lacrymal fluid) and thus lead to 
5 e.g. an inappropriate particle size which may give rise to discomfort and pain 

and poor patient acceptance. Thus, a low solubility of the active substances in 
the lacrymal fluid as well as in a composition according to the invention is 
important. The low solubility in the lacrymal fluid has two purposes; to avoid 
elimination from the eye due to an increase in blinking and lacrimation, and to 
10 make use of a relatively slow dissolution of the active substance in order to 

control the availability of the active substance to the eye (in general, it is 
contemplated that only dissolved drug substances are able to exert their 
therapeutically or prophylactical effect) and, accordingly, control the duration of 
action. 

15 

Fluoroquinolones as a class are fairly insoluble in water. All modern 
fluoroquinolones are zwitterionic in character due to the presence of both a 
carboxylic acid and a basic amine; pK a values for these functional groups have 
been reported to be in the range of from 5.5 to 6.3 for the carboxylic acid and 

20 in the range of from 8.6 to 9.3 for the distal amino group. At low pH both the 

amine and the carboxylic acid are protonated, giving the molecule an overall 
positive charge. Conversely, at high pH, the amine is in the free base form, 
while the carboxylic group exists as the carboxylate anion providing a net 
negative charge. Because of this, fluoroquinolones tend to be more soluble in 

25 water at acidic pH and at basic pH with a minimum solubility expressed at 

neutral (physiological) pH values (cf. "The Quinolones", 2 nd Ed. by Vincent T. 
Andriole, Yale School of Medicine, Chapter 2, Chemistry and Mechanism of the 
Quinolone Antibacterials). 



30 Specific pK a values for fluoroquinolones are: Ciprofloxacin: pK a1 about 6.1 and 

pK a2 about 8.7, Norfloxacin: pK a1 about 6.4 and pK a2 about 8.5, Lomefloxacin: 
pK a1 about 5.6 and pK a2 about 9.0, Enoxacin: pK a1 about 6.2 and pK a2 about 
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8.8, Prulifloxacin: pK al about 6.1 and NM394: pK a1 about 5.9 and pK a2 about 
8.8. 



In accordance with the above, the solubility of the active substance is at the 
5 most about 0.3 mg/ml such as e.g. about 0.25 mg/ml, about 0.2 mg/ml, about 

0.15 mg/ml, about 0.125 mg/ml or about 0.1 mg/ml as determined in isotonic 
phosphate buffer at a pH of 7.0-7.4 and at a temperature of 32-34 °C. This 
medium is a suitable aqueous medium to simulate lacrymal fluid under 
physiological conditions. Furthermore, the solubility of the active substance in 
10 the composition is at the most about 0.3 mg/ml such as e.g. about 0.25 mg/ml, 

about 0.2 mg/ml, about 0, 1 5 mg/ml, about 0. 1 25 mg/ml or about 0.1 mg/ml at 
room temperature. 

In order to avoid discomfort of the patient after administration of a composition 
15 according to the invention, the particle size of the active substance in a 

composition should be rather small and fulfil the requirements given in official 
monographs like Ph. Eur. 3 rd Edition, 1997. The method is described in the 
Experimental section herein. In short, the majority of the particles should have a 
particle size of less than 25 p,m. In practice, the majority of the particles have a 
20 size of less than 10 jam such as in a range of about 2-5 |o,m. 

In one embodiment of the invention, a preferred compound is NM394 or a 
pharmaceutical^ acceptable salt thereof. 

25 The concentration of the active substance in the composition depends on the 

specific fluoroquinolone employed but is generally sufficiently high to obtain a 
prophylactically and/or therapeutically effective concentration in the eye after 
administration. As an example, the concentration of NM394 in a composition of 
the invention is within a range of from about 0.5 to about 15 mg/ml such as, 

30 e.g. from about 1 to about 10 mg/ml, from about 1 .5 to about 8 mg/ml, from 

about 1 .75 to about 6 mg/ml, from about 2 to about 5 mg/ml. from about 2.5 
to about 4 mg/ml such as, e.g., from about 2.7 to about 3.3 mg/ml. These 
concentration ranges are relevant for fluoroquinolones in general. If a 
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pharmaceutical^ acceptable salt (or derivative) is employed, then the 
concentration of the salt (or derivative) in the composition corresponds - when 
calculated on the fluoroquinolone - to the ranges as given above. 

5 In general, a prophylactically and/or therapeutically effective concentration is 

determined as the minimum inhibitory concentration (MIC) values in standard 
assays well known to a person skilled in the art. MIC values for fluoroquinolones 
are mostly below 1 p,g/ml for sensitive microorganisms. 

10 Gel-forming agents 

As mentioned above, a composition according to the invention comprises a gel- 
forming aqueous vehicle. A vehicle suitable for use in the present context 
comprises an ophthalmically acceptable cross-linked polyacrylic acid polymer. A 
1 5 preferred polyacrylic acid polymer is cross-linked with polyalkenyl ethers or 

divinyl glycol. Moreover, suitable cross-linked polyacrylic acid polymers are 
mucoadhesive, cf. Bulletin 16 of BFGoodrich. 

Examples of preferred polymers for use in a composition according to the 
invention are carbomers, i.e. homopolymers of acrylic acid cross-linked with an 
allyl ether of pentaerythritol or an aliyl ether of sucrose. Specific examples are 
carbomers of the series Acrisint® (manufactured by 3V-Sigma), Carbopol® 
(manufactured by BFGoodrich), PerForMax® (manufactured by BFGoodrich), 
Synthaten® (manufactured by 3V-Sigma) and Thixol® (manufactured by Mearl). 
Noveon® polycarbophils from BFGoodrich are also suitable polyacrylic acid 
polymers. 

Especially, the series of Carbopol® resins (Carbopol® resins having the type Nos. 
910, 934, 940, 941, 951, 954, 971, 980, 981, 934P, 974P, 5984 and 1382) 
30 have suitable properties for ophthalmic use and Carbopol® 974P is a specific 

example of a suitable polymer especially because this polymer is being 
manufactured without the use of benzene in the process. The Carbopol® series 
of polymers have suitable properties with respect to i) swelling ability and ii) 



20 



25 
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mucoadhesive properties. Furthermore, Carbopol® has proved to be a suitable 
agent for topical application to the eye. It is substantially non-irritative and only 
to a minor extent a blurred vision is observed upon administration of a 
composition containing Carbopol®. 

The concentration of the polyacrylic acid polymer in a composition according to 
the invention is in a range of from about 0.1 to about 5% w/v such as, e.g. 
from about 0.1 to about 4% w/v, from about 0.2 to about 3% w/v, from about 
0.2 to about 2% w/v, from about 0.2 to about 1 .5% w/v or from about 0.3 to 
about 1 .0% such as, e.g., about 0.5% w/v. 

As mentioned above, the pH of the composition is a very important factor inter 
alia with respect to the following: 

i) solubility of the active substance in the composition, 

ii) adjustment of the solubility of the active substance in the lacrymal fluid (e.g. 
by use of buffer substances in the composition), 

iii) formation of a gel (swelling of the polymer), 

iv) maintenance of the mucoadhesive properties of the polyacrylic acid 
polymers, 

v) interaction of the active substance with the polyacrylic acid polymer 

The pH of a composition according to the invention is normally adjusted so as to 
establish a balance so that i) the solubility of the active substance in the 
composition is at the most 0.2 mg/ml and ii) the mucoadhesive properties of the 
polyacrylic acid polymer is maintained sufficiently high to obtain a 
therapeutically and/or prophylactically effective concentration of the active 
substance in the lacrymal fluid of the eye for at least about 6 hours as 
assessable in the rabbit eye test as described herein. 

With respect to the swelling of the polyacrylic acid polymer in a composition 
according to the invention, the swelling should be of such a order of magnitude 
that the resulting composition has a viscosity in a range of from about 20 mPas 
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to about 3000 mPas such as, e.g., from about 100 mPas to about 3000 mPas, 
from about 500 mPas to about 3000 mPas, from about 1000 to about 2800 
mPas or from about 1 500 mPas to about 2500 mPas such as, e.g., 1 500 mPas 
as measured on a Haake VT500 Viscosimeter at a temperature of 20 °C and at 
5 a shear rate of 100 s" 1 . 

Preferably, the viscosity of the composition is at least 1 500 mPas so that upon 
application to the eye the composition is maintained in situ and releases the 
active substance from the composition in a prolonged manner during at least 6- 
10 8 hours as assessable in the rabbit eye test as described herein. 



Furthermore, an important feature of a composition of the invention is its ability 
to precipitate the polyacrylic acid polymer in the fornix inferior under the eye lid 
once the composition has been applied to the eye. By precipitation of the 

15 composition it is ensured that the composition is maintained in situ and the risk 

of elimination of the composition by tear turnover or an increase in lacrimation is 
significantly reduced. Accordingly, a prolonged release is obtainable which 
would not be the case if the composition is quickly eliminated from the eye. 
Moreover, the localisation of the composition under the eye lid is very 

20 favourable as the composition is not spread over the whole eye mucosa which 

could lead to an unwanted blurred vision or precipitation of the composition or 
parts or the composition on the eye surface. 



The precipitation of the composition after application to the eye is due to a 
25 salting out of the polymeric substance(s) included in the composition. In order to 

test whether a composition fulfils the above-mentioned requirement with 
respect to precipitation in situ the following test can be employed: 



30 



1 ml of an aqueous solution of 0.9% sodium chloride is added to 1 g of the 
composition at room temperature. An out-salting effect is evidenced visually by 
the naked eye as a precipitation of the polyacrylic acid polymer. 
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Suitable compositions according to the invention may be administered in the 
form of eye drops or - like an ointment - in the form of a hydrogel. The 
composition may be in unit dosage form for administration of a single dose or it 
may be in a dosage form containing more than one dose. 

5 

A composition according to the invention may further comprise a 
pharmaceutical^ acceptable excipient. 

Suitable pharmaceutical^ acceptable excipients for use in a composition 
10 according to the invention include: 

solvents like, e.g., water, 

pH adjusting agents like, e.g. sodium hydroxide and hydrochloric acid, 

15 

isotonic adjusting agents like, e.g., glycerol, mannitol, sorbitol, xylitol and the 
like, 

gelling agents like, e.g., cellulose derivatives which do not precipitate at a 
20 temperature of above about 30 °C such as, e.g., hydroxyethylcellulose, 

hydroxypropylmethylcellulose and the like, and polymers from the Pluronic® 
series, 

viscosity-adjusting agents like, e.g., hydroxyethylcellulose and 
25 hydroxypropylmethylcellulose, 

preservatives like, e.g., benzalkonium chloride, parabenes, chlorohexidine, 
chlorohexidine gluconate and chlorohexidine acetate, 

30 chelating agents like, e.g., EDTA, 

stabilisers like, e.g., antioxidants such as, e.g., tocopherol, tocopherol acetate, 
butylhydroxytoluene and butylhydroxyanisol. 
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A composition according to the invention may further include a further 
therapeutically and/or prophylactically active substance, e.g. for use in relevant 
combination therapy. An especially interesting group of active substances in this 
context is the steroids, e.g. dexamethasone. 

A composition according to the invention is typically in the form of eye drops, 
viscous eye drops or in the form of an ointment. The amount applied of the 
composition depends on the specific formulation and the device from which it is 
to be administered. In general, the amount of the composition applied contains a 
sufficient amount of the active substance (i.e. in general from about 10 \xg to 
about 300 jug such as, e.g. from about 10 jag to about 200 p,g, from about 10 
jag to about 100 jag, from about 1 2 jag to about 50 jag, from about 1 5 jag to 
about 30 jag or from about 20 jag to about 25 jag). When the composition is 
administered in the form of eye drops e.g. from a tube, the amount applied is 
normally about 15-40 jnl such as, e.g. in a range corresponding to 20-30 jal. 

A composition according to the invention is normally intended for use once or 
twice daily, but in certain situations administration more frequent (e.g. trice 
daily) can be desired. 

A composition according to the invention is one obtainable by dispersing the 
active substance in a gel-forming aqueous vehicle. The active substance is 
normally dispersed in the gel-forming aqueous vehicle in the form of a 
suspension comprising the active substance in an aqueous medium and, 
optionally, a pharmaceutical^ acceptable excipient. 

The gel-forming vehicle can be obtained by i) dispersing a polyacrylic acid 
polymer in water which, optionally, comprises a pharmaceutically acceptable 
excipient, followed by ii) adjusting pH of the thus obtained gel-forming aqueous 
vehicle to a pH in a range of from about 6.5 to about 8.5, such as, e.g., from 
about 7 to about 8, from about 7.2 to about 7.6, such as e.g. about 7.4. 
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In another aspect, the invention relates to a method for the preparation of a 
composition according to the invention, the method comprises dispersing the 
active substance in an aqueous gel-forming vehicle. 

5 More specifically, a method according to the invention comprises the steps of: 

i) suspending the active substance in an aqueous medium optionally comprising 
a pharmaceutically acceptable excipient, 

ii) sterilising the thus obtained suspension to obtain a sterile suspension, 

iii) milling the thus obtained sterile suspension to obtain a suspension wherein 
the particle size meets the requirements with respect to particle size as 
described under "Eye-drops" in Ph. Eur. 3 rd Ed. 1997, page 1762, 

iv) dispersing a polyacrylic acid polymer in an aqueous medium optionally 
comprising a pharmaceutically acceptable excipient to obtain a dispersion, 

v) adjusting the pH of the dispersion of the polyacrylic acid polymer to a pH in a 
range of from about 6 to about 8.5, such as, e.g., from about 7 to about 8, 
from about 7.2 to about 7.6, such as e.g. about 7.4, 

vi) adding the suspension obtained from step iii) to the aqueous gel-forming 
vehicle obtained from step v). 

Normally, the dispersion containing the polyacrylic acid polymer has to be 
sterilised, and, therefore, the method may comprise a further step of sterilising 
the dispersion of the polyacrylic acid polymer in a step before step vi). This step 
may either be before step v) or after step v) above. The sterilisation is 
performed by methods well known by a person skilled in the art such as by 
autoclaving the dispersion at 121 °C for 15 min or any other proper 
temperature-time relationship. 

In a still further aspect, the invention relates to a method for the treatment 
30 and/or prophylaxis of eye diseases like eye infections of a mammal comprising 

administering to a mammal in need thereof a prolonged release ophthalmic 
composition according to the invention. 



10 



15 



20 



25 
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A method for the treatment and/or prophylaxis of eye diseases like eye 
infections comprises administering the prolonged release composition once or 
twice daily. 

5 In a further aspect, the invention relates to a method for administering a 

therapeutically and/or prophylactically active substance selected from the group 
consisting of a fluoroquinolone, a fluoroquinolone derivative and a 
pharmaceutical^ acceptable salt thereof to an eye of a mammal, the method 
comprising applying the active substance in the form of a prolonged 
10 composition to the fornix inferior of the eye. 

Specific compositions according to the invention comprise typically 

Fluoroquinolone (e.g. NM394) 3.0 mg ±10% 

15 Polyacrylic acid polymer 

(e.g. Carbopol® 974P) 5.0 mg ± 50% 

Water, sterile up to 1 ml 

The compositions are normally adjusted to a pH of 7.2-7.6 with a solution of 
20 sodium hydroxide. Pharmaceutical^ acceptable excipients may also be present 

such as, e.g. pr. ml of the composition: 

Preservative (e.g. benzalkonium chloride) 0.05 mg ± 20% 
Isotonic adjusting agent 
25 (e.g. glycerol 85%) 22.0 mg ± 10% 



EXPERIMENTAL SECTION 



30 Determination of the solubility of a fluoroquinolone 



The solubility of a specific fluoroquinolone in isotonic phosphate buffer solution 
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is determined at a pH in a range of 6.5 to 8.0 and at temperatures at 24°C and 
34°C, where the latter represents the tear liquid temperature, being in an 
interval of 30-35°C. A surplus of the fluoroquinolone in question is shaken for 
three days with each buffer solution. The suspension are centrifuged and the 
5 supernatant is diluted with buffer. The content of fluoroquinolone is determined 

by UV measurements at the maximum (about 272 nm for NM394) and 
calculation against a standard. All experiments in duplicate. 

The isotonic phosphate buffer solution was prepared as follows. Isotonic 
10 solutions of disodium hydrogen phosphate (0.13 M) and sodium dihydrogen 

phosphate (0.18 M) were prepared. Solution with pH 6.5, 7.0 and 8.0 were 
prepared by mixing different ratios of the two isotonic solutions. 

The following results were obtained: 

15 



pH 


Solubility at 24°C 
Hg/ml 


Solubility at 32- 
34°C 
(ig/ml 


6.5 


181 


193 


7.0 


137 


167 


7.4 


131 


160 


8.0 


142 


186 



Determination of NM394 

20 

Quantitative assay of NM394: The ophthalmic composition is dissolved in 
acetonitrile: methanol: 1 % acetic acid 60:10:30. The carbomer polymer is 
precipitated by adding a small amount of KN0 3 and is removed by 
centrifugation. The solution is diluted appropriately with mobile phase: 
25 acetonitrile: methanol:0.01 5 M phosphoric acid:sodium laurylsulfate 0.1M 

270:310:395:25. The assay is performed by reversed phase HPLC at 50 °C 
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(column oven) using UV detection at 254 nm. 4-ethoxybenzoic acid is used as 
an internal reference. 



Determination of particle size 

5 

A suitable quantity of the composition is introduced with a micropipette onto a 
slide and an area corresponding to 10 ^g of the solid phase is scanned under a 
microscope. For practical reasons, the whole sample is first scanned at low 
magnification (e.g. x 50) and particles greater than 25 jim are identified. These 
10 larger particles can then be measured at a large magnification (e.g. x 200 to x 

500). Not more than 20 particles have a maximum dimension greater than 50 
jLim, and not more than two of these particles have a maximum dimension 
greater than 50 jum. None of the particles has a maximum dimension greater 
than 90 jam. 

15 

Rabbit eye test 

The rabbit eye test referred to in the description and in the claims is performed 
in accordance with the details given in the following example 1 . 

20 

Example 1 

Pre-clinical kinetic studies of NM394 viscous eye drops - Biopharmacokinetics 
25 in lacrymal fluid 

In vivo biopharmacokinetics 

An eye composition having the following composition per ml was prepared: 

30 

Composition I: 



NM 394 



3.00 mg 
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Carbopol® 974P 5.00 mg 

Glycerol 85% Ph. Eur. 22.00 mg 

Benzalkonium chloride 0.05 mg 
Sodium hydroxide 5N for pH 7,0-8,0 q.s. 
Water for inj., to make 1 ml 



NM394 was obtained from Nippon, Shinyaku Co. Ltd., Japan which has 
developed the compound in corporation with Meiji Seika, Co. Ltd., Japan. 
NM394 can be prepared according to the method disclosed in US-A-4,843,070 
10 (Nippon, Shinyaku Co., Ltd., Japan). All other ingredients employed were of 

pharmacopoeia standard. 

In a small vessel NM394 was suspended in a 0.01 % w/v benzalkonium chloride 
solution. Milling beads were added to the suspension. The mixture were 
15 sterilised by autoclaving at 121°C for 15 min and then milled according to 

Ph..Eur/s standard for particles in ophthalmic formulations (cf. above). The 
resulting particle size was preferably in a range of 2-5 jj.m for the majority of the 
particles. 

20 In the processing vessel glycerol 85% was dissolved in sterile water. The 

Carbopol® 974P was dispersed aseptically in the solution and sterilised by 
autoclaving at 121°C for 15 min. The dispersion was cooled and the rest of the 
benzalkonium chloride was added aseptically as a sterile solution. The mixture 
was neutralised by addition of sterile sodium hydroxide solution. Finally the 

25 milling beads were separated aseptically from the autoclaved and milled NM394 

suspension and the suspension was added aseptically to the gel vehicle. 



The composition (in the following called Composition I) thus prepared was 
compared with a composition analogue to Composition I but with 0.1 mg 
30 benzalkonium chloride (denoted "BAK" in the following tables) instead and 

employing another crystal modification of NM394 (Composition II) and with two 
conventional eyedrop compositions, one with 0,3% w/v Norfloxacin 
(Zoroxin®MDS) and one with 0,3% w/v Ofloxacin (Exocin®). 
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The crystal modifications of NM394 employed have been characterised by the 
X-ray diffraction pattern. The results are given in Figure 1 . 

5 The four compositions were compared in the following manner: 

Ten Himalayan rabbits weighing about 2.5 kg were used in the studies. They 
were designated Nos. 1-10, numbered by ear tags, and placed in restraining 
boxes during the first 6 hours of the investigation period and at 24 hours 
10 sampling. Between treatment 8, 12 and 24 hours sampling the animals were 

housed individually and given pelleted food (Altromin® 2123) and water ad 
libitum. 

Samples for microbiologic determination were taken by placing 6.0 mm AA 
discs (Watmann®) in the fornix inferior, closing the eye lids for approximately 
10 seconds and removing the discs with forceps. The discs were placed on the 
surface of agar dishes, 14 cm in diameter, inoculated with Micrococcus leuteus 
ATCC9341 when determining high concentrations of NM394 and Escherichia 
coli HA2 when determining lower concentrations and discs with samples of 
Norfloxacin or Ofloxacin together with discs on which 30jul of NM394, 
Norfloxacin or Ofloxacin standard solutions, respectively, have been placed. The 
standard solutions of NM394 were prepared in phosphate buffer pH 8.0. The 
30jal volume is equivalent to that amount which the discs absorb. 

25 The petri dishes were incubated for 16-18 hours at the optimum temperature for 

the test organisms in question (28 °C for M. luteus and 22 °C for E. coli). The 
inhibition zones of the samples were measured to the nearest 0.1 mm with 
needle point calliper and interpolated on the standard curve which was 
established as the best response line from the inhibition zone for the standard 

30 solutions. 



15 



20 



Prior to each investigation the lacrymal fluid of each rabbit was tested for the 
absence of inhibitory substance to the most sensitive of the test organisms. One 
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drop of each of the four formulations, respectively, was instilled in the fornix 
inferior of the right or left eye of the rabbits. Samples were taken at Vi, 1 , 2, 4, 
6 and 24 hours following treatment (A) and only at 24 hours following 
treatment (B) with Norfloxacin and Ofloxacin, but at 8, 16 and 24 hours after 
5 treatment (B) for the two formulations of NM394. 

The results presented in tablel show that the two compositions of NM394 have 
measurable concentrations in all rabbits 6 hours after treatment and that 
Composition II also have measurable concentrations in all rabbits after 24 hours 
10 (Experiment A). From the same table no difference is noted between the two 

compositions of NM394 with different crystal modifications, even when the 
number of samples were increased with 8 and 16 hours (experiment B). 

Following treatment A with Norfloxacin and Ofloxacin (table 2) the mean values 
15 are very similar but also much lower than for NM394. It is also noted that only 

four rabbits with Norfloxacin and one with Ofloxacin have been measurable 
concentrations at 24 hours. 

In figure 2 is shown the results from the above-mentioned experiments. The 
20 figure shows mean the concentration of the fluoroquinolone in the lacrymal fluid 

versus the time after administration. The minimum inhibiting concentration (MIC) 
is about 1 jag/ml (i.e. the minimal effective concentration). From fig. 2 it is seen 
that the MIC value is reached after about 5-6 hours after administration of 
Zoroxin and Exocin eye drops, respectively, i.e. the effect of these compositions 
25 is at the most about 5-6 hours. To the contrary, the compositions according to 

the invention exhibited a concentration in the lacrymal fluid exceeding that of 
MIC for about 24 hours, i.e. indicating that the compositions according to the 
invention are suitable for administration once (or twice) daily. 



30 Thus it may bee concluded that the composition of NM394 in 0.5% w/v 

Carbopol® 974P was found to possess a favourable biopharmacokinetic profile 



WO 00/01365 PCT/DK99/00348 

21 

superior to that of the two commercial available fluoroquinolone preparations. 
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Table 2 

Concentrations of Norfloxacin and Ofloxacin in lacrymal fluid after administration of 1 
drop (approx. 30 li!) Norfloxacin 0.3% eye drop and Ofloxacin 0.3% eye drop, 
respectively, into rabbit eye 



Animal 


meg Norfloxacin per ml lacrymal fluid 
Hours after treatment 


Mean 




Ear- 
tag 


A 1 ' 




A 


B 




0 


1 / 2 


1 


2 


4 


6 


24 


0 


24 


24 


24 


1 


378/R 




27 


1 1 


3.2 


1.2 


0.13 






2.2 






2 


405/R 




4.8 


3.0 












2.1 






3 


399/R 




72 


72 


22 


2.8 


1.5 






0.28 






4 


396/R 




17 


1.0 


3.4 


0.34 


0.13 


0.40 










5 


374/R 




38 


19 


22 


7.0 


3.9 












6 


403/R 




>45 


14 


22 


1.8 


1.1 


0.17 






0.24 


0.54 


7 


409/R 




13 


2.1 


1.7 


0.87 


0.26 












8 


415/R 




38 


9.7 


0.63 


7.9 


1.2 


0.28 




NS 






9 


414/R 




12 


2.5 


1.4 


0.81 


0.17 






0.29 






10 


412/R 




7.6 


27 


4.4 


2.7 


0.41 


1.5 
















25 


18 


8.1 


2.5 


0.88 


0.24 




0.54 






Animal 


meg Ofloxacin per ml lacrymal 
Hours after treatment 


fluid 




Me 


an 




Ear- 
tag 


A 11 


B 2 > 


A 1) 


B 2 ' 




0 


y 2 


1 


2 


4 


6 


24 


0 


24 


24 


24 


1 


378/R 




12 


0.33 


38 


0.68 


0.64 






1.5 






2 


405/R 




11 


5.0 


1.6 


1.3 


1.2 


0.86 




0.3 






3 


399/R 




53 


27 


25 


14 


4.7 






0.51 






4 


396/R 




61 


4.9 


2.9 


1.9 


3.5 












5 


374/R 




26 


58 


10 


0.54 


0.42 






1.7 






6 


403/R 




3.2 


4.0 


3.0 


0,22 


0.47 








0.09 


0.67 


7 


409/R 




4.9 


0.95 


0.80 


0.22 














8 


415/R 




60 


28 


4.6 


0.34 


0.50 






1.4 






9 


414/R 




1.8 


9.2 


0.22 


0.36 








0.58 






10 


412/R 




>70 


46 


0.54 










12* 












26 


18 


8.7 


2.0 


1.1 


0.09 




0.67 







Batch No 



Composition 



95J01 



ZOROXIN® MSD 



0.3% Norfloxacin 



( + BAK 0.025 
mg/ml) 



Mean 



Batch No 
Composition 

EB0701 

EXOCIN® 
(ALLERGAN) 

0.3% Ofloxacin 



( +BAK 0.05 
mg/ml) 



Mean 



1) A: SAMPLE REMOVAL AT 0, Vz, 1, 2, 4, 6 AND 24 HOURS 

2) B: SAMPLE REMOVAL AT 0 AND 24 HOURS 

(-): < 0.19 mcg/ml *: Omitted R: Right eye NS: No sample 
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Example 2 

Serum concentrations of NM394 following topical administration to the eye 

Topical application of NM394 viscous eye drop in the eye would not give rise to 
systemic activity because no antibiotic concentration was detected in the serum 
at 2, 5 and 24 hours following application of one drop 1 % w/v NM394 in 
0.5% w/v Carbopol® 974P to five rabbits (NZW). The concentrations of NM394 
in the lacrymal fluid were at the same level as reported in Example 1 . 

Overall conclusions 

Following application of one drop 0.3% w/v NM394 viscous eye drop in 0.5% 
w/v Carbopol® 974P all rabbits have measurable concentrations in the lacrymal 
fluid 6 hours after the treatment and six out of ten rabbits have also measurable 
concentrations at 24 hours. 

After the same treatment schedule only 40% of the rabbits with Zoroxin® and 
10% with Exocin® have measurable concentrations at 24 hours. 

However, treatment with the compositions according to the invention resulted 
generally in higher concentrations of the active substance in the lacrymal fluid 
after 24 hours whether samples were taken according to experiment A or B. In 
general the results obtained at 24 hours were about 2 to 10 times higher when 
compositions according to the invention were applied compared with the 
marketed compositions. 

No systemic activity would be expected because no antibiotic concentration 
was detected in the serum following application in the eye of one drop of a 
formulation with 1 % w/v NM394 in 0.5% w/v Carbopol® 974P to five NZW 
rabbits. 



WO 00/01365 



25 



PCT/DK99/00348 



CLAIMS 

1 . A pharmaceutical prolonged release ophthalmic composition for human 
and veterinary use comprising as a therapeutically and/or prophylactically 
active substance a fluoroquinolone, a fluoroquinolone derivative or a 
pharmaceutically acceptable salt thereof dispersed in a gel-forming 
aqueous vehicle. 

2. A composition according to claim 1 , wherein the active substance is 
released from the composition in such a manner so as to obtain a 
therapeutically and/or prophylactically effective concentration in the 
lacrymal fluid of the eye for at least about 6 hours such as, e.g., about 
6.5 hours, 7 hours, 7.5 hours or 8 hours as assessable in the rabbit eye 
test as described herein. 

3. A composition according to claim 1 or 2 for administration to the eye 
once or twice daily. 

4. A composition according to any of the preceding claims for use in the 
treatment and/or prophylaxis of eye diseases such as, e.g. eye infections. 

5. A composition according to any of the preceding claims, wherein the 
fluoroquinolone is selected from the group consisting of: ofloxacin, 
ciprofloxacin, norfloxacin, lomefloxacin, enoxacin, premafloxacin, 
fleroxacin, prulifloxacin and 6-fluoro-1 -methyl~4-oxo-7-(1 -piperazinyl)-4H- 
[1 ,3]-thiazeto[3,2-a]-quinoline-3-carboxylic acid (NM 394). 

6. A composition according to any of the preceding claims, wherein the 
solubility of the active substance is at the most about 0.3 mg/ml such as 
e.g. about 0.25 mg/ml, about 0.2 mg/ml, about 0.15 mg/ml, about 
0.125 mg/ml or about 0.1 mg/ml as determined in isotonic phosphate 
buffer at a pH of 7.0-7.4 and at a temperature of 32-34 °C. 
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7. A composition according to any of the preceding claims, wherein the 
solubility of the active substance in the composition is at the most about 
0.3 mg/ml such as e.g. about 0.25 mg/ml, about 0.2 mg/ml, about 0.15 
mg/ml, about 0.125 mg/ml or about 0.1 mg/ml at room temperature. 

8. A composition according to any of the preceding claims, wherein the 
active substance is NM 394. 

9. A composition according to any of the preceding claims, wherein the 
concentration of the active substance in the composition is sufficiently 
high to obtain a therapeutically effective concentration in the eye after 
administration. 

10. A composition according to any of the preceding claims, wherein the gel- 
forming aqueous vehicle comprises an ophthalmically acceptable cross- 
linked polyacrylic acid polymer 

11. A composition according to claim 10, wherein the cross-linked polyacrylic 
acid polymer has mucoadhesive properties. 

12. A composition according to claim 10 or 11, wherein the polyacrylic acid 
polymer is cross-linked with polyalkenyl ethers or divinyl glycol. 

13. A composition according to claim 10 or 11, wherein the polyacrylic acid 
polymer is a carbomer belonging to one of the following series: Acrisint®, 
Acritamer®, Carbopol®, PerForMex®, Syntalen®, Thixol® and Noveon®. 

14. A composition according to claim 10 or 11, wherein the polyacrylic acid 
polymer is a carbomer selected from the group consisting of Carbopol® 
resins and Noveon® polycarbophils. 

15. A composition according to claim 14, wherein the polyacrylic acid 
polymer is a Carbopol® resin. 
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16. A composition according to claim 15, wherein the polyacrylic acid 
polymer is Carbopol® 974P. 



5 17. A composition according to any of claims 10-16, wherein the 

concentration of the polyacrylic acid polymer in the composition is in a 
range of from about 0.1 to about 5% w/v such as, e.g. from about 0.1 
to about 4% w/v, from about 0.2 to about 3% w/v, from about 0.2 to 
about 2% w/v, from about 0.2 to about 1 .5% w/v or from about 0.3 to 
10 about 1 .0% such as, e.g., about 0.5% w/v. 



18. A composition according to any of the preceding claims, wherein the pH 
is in a range of from about 6 to about 8.5, such as, e.g., from about 7 to 
about 8, from about 7.2 to about 7.6, such as e.g. about 7.4. 

15 

19. A composition according to any of claims 11-18, wherein the pH of the 
composition is adjusted so as to balance that i) the solubility of the active 
substance in the composition is at the most about 0.2 mg/ml and ii) the 
mucoadhesive properties of the polyacrylic acid polymer is maintained 

20 sufficiently high to obtain a therapeutically and/or prophylactically 

effective concentration of the active substance in the lacrymal fluid of the 
eye for at least about 6 hours as assessable in the rabbit eye test as 
described herein. 



25 20. A composition according to any of the preceding claims having a 

viscosity in a range of from about 20 mPas to about 3000 mPas such as, 
e.g., from about 100 mPas to about 3000 mPas, from about 500 mPas 
to about 3000 mPas, from about 1000 to about 2800 mPas or from 
about 1500 mPas to about 2500 mPas as measured on a Haake 

30 Viscosimeter VT500 at a temperature of 20 °C and at a shear rate of 100 

s" 1 . 
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21 . A composition according to claim 20, wherein the viscosity of the 
composition is at least 1500 mPas and the active substance is released 
from the composition in a prolonged manner during at least 6-8 hours as 
assessable in the rabbit eye test as described herein. 

5 

22. A composition according to any of the claims 10-21, wherein the active 
substance is NM 394 and the polyacrylic acid polymer is Carbopol® 974P. 

23. A composition according to any of the preceding claims further 
10 comprising a pharmaceutical^ acceptable excipient. 

24. A composition according to claims 10-23, which - when 1 ml of an 
aqueous solution of 0.9% sodium chloride is added to 1 g of the 
composition - results in an out-salting of the polyacrylic acid polymer as 

1 5 evidenced visually by the naked eye as a precipitation of the polyacrylic 

acid polymer. 

25. A composition according to any of the preceding claims, the composition 
being one obtainable by dispersing the active substance in a gel-forming 

20 aqueous vehicle. 

26. A composition according to claim 25, wherein the active substance is 
dispersed in the gel-forming aqueous vehicle in the form of a suspension 
comprising the active substance in an aqueous medium and, optionally, a 

25 pharmaceutical^ acceptable excipient. 

27. A composition according to claims 25 or 26, wherein the gel-forming 
aqueous vehicle is obtained by i) dispersing a polyacrylic acid polymer in 
water which, optionally, comprises a pharmaceutically acceptable 

30 excipient, followed by ii) adjusting pH of the thus obtained gel-forming 

aqueous vehicle to a pH in a range of from about 6 to about 8.5, such as, 
e.g., from about 7 to about 8, from about 7.2 to about 7.6, such as e.g. 
about 7.4. 
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28. A method for the preparation a composition according to any of claims 1- 
27 comprising dispersing the active substance in an aqueous gel-forming 
vehicle. 

29. A method according to claim 28 comprising the steps of: 

i) suspending the active substance in an aqueous medium 
optionally comprising a pharmaceutical^ acceptable excipient, 

ii) sterilising the thus obtained suspension to obtain a sterile 
suspension, 

iii) milling the thus obtained sterile suspension to obtain a 
suspension wherein the particle size meets the requirements with 
respect to particle size as described under "Eye-drops" in Ph. Eur. 
3 rd Ed. 1997, page 1762, 

iv) dispersing a poiyacrylic acid polymer in an aqueous medium 
optionally comprising a pharmaceutical^ acceptable excipient to 
obtain a dispersion, 

v) adjusting the pH of the dispersion of the poiyacrylic acid 
polymer to a pH in a range of from about 6 to about 8.5, such as, 
e.g., from about 7 to about 8, from about 7.2 to about 7.6, such 
as e.g. about 7.4, 

vi) adding the suspension obtained from step iii) to the aqueous 
gel-forming vehicle obtained from step v). 

30. A method according to claim 29 further comprising a step of sterilising 
the dispersion of the poiyacrylic acid polymer in a step before step vi). 

31 . A method for the treatment and/or prophylaxis of eye diseases 
like eye infections of a mammal comprising administering to a mammal in 
need thereof a prolonged release ophthalmic composition according to 
any of claims 1-27. 
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32. A method according to claim 31 comprising administering the 
prolonged release composition once or twice daily. 

33. A method for administering a therapeutically and/or 

5 prophylactically active substance selected from the group consisting of a 

fluoroquinolone, a fluoroquinolone derivative and a pharmaceutical^ 
acceptable salt thereof to an eye of a mammal, the method comprising 
applying the active substance in the form of a prolonged composition to 
the fornix inferior of the eye. 
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Fig. 1 
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